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Impact of GHG limitation measures on the Russian electric power in-
dustry development

Fedor Veselov, Alla Makarova, Andrei Khorshev

Abstract - The article presents results of an in-
tegrated analysis of technological capabilities
and economic results of implementation of active
policy on restriction of greenhouse gases (GHG)
emission in the electric power industry of Rus-
sia, which is the biggest CO, emitter in the fuel
and energy complex. To accomplish this, intro-
ducing a payment for CO, emission is consid-
ered as the main economic mechanism of a new
ecological policy. The investigation incorporates
a whole range of tasks on screening analysis of
low- and non-carbon technologies on a basis of
carbon avoided costs, system-wide optimization
of their development scales and identification of
generating capacity mix improvements until
2030 with a sequential estimation of an addi-
tional investment and price load on the economy
in implementation of the ecology emphasized
development strategy of the Russian electric
power industry.

Keywords — GHG emissions, carbon avoided
costs, low carbon technologies, investment and
prices

I. INTRODUCTION.

The problem of GHG emission decrease has a
global and long-term dimension. The short du-
ration of the Kyoto protocol and not very
strong emission obligations adopted by the par-
ticipating states can not considerably affect on
the global emission trend. Many forecasts of
global and national GHG emission scenarios
shows that serious changes in trends (in terms
of both rates and volumes) may be expected
only near 2030 and in the following decades
and should be supplemented by the technologi-
cal shifts in production, processing and con-
sumption of all energy resources, that will en-
sure qualitative improvements in efficiency of
fossil fuel, electricity and heat utilization and a
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large-scale involvement of non-fossil energy
resources.

Being the participant of Kyoto protocol, Russia
has to formulate and implement a long-term (at
least for the next 2-3 decades) economic and
energy sector development strategy focused on
the considerable limitation of GHG emission
growth. Key parameters of such national strat-
egy should be consistent with the sustainable
development requirements and maximize the
decrease of negative ecological consequences
of the stable economic development without
dramatic losses of competitiveness of Russian
economy in global scale.

Our country became an active participant of the
Kyoto process with a certain delay and still not
formulated priorities and mechanisms of its
own long-term GHG abatement policy. Al-
though the existing gap between actual and tar-
geted by Kyoto (1990 year) emissions still re-
mains considerable, formulation and imple-
mentation of the active ecologically sound pol-
icy will create a good impetus to increase of
energy efficiency in Russian economy and per-
form a technological modernization of the na-
tion energy sector.

In Russia, as in the most other countries, elec-
tric power industry will potentially provide a
main impact on GHG emission limitation. Be-
ing the largest domestic consumer of fossil fu-
els, the industry forms almost one third of total
national GHG emissions now. At this electric
power industry has the largest technological
capabilities to change the structure and effi-
ciency of different energy resources consump-
tion through time-expanding spectrum of elec-
tric power production processes using fossil,
nuclear fuel, hydropower and other renewable
sources.
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II. ECONOMIC EVALUATION OF THE
TECHNOLOGIES FOR GHG EMISSION
REDUCTION IN THE RUSSIAN ELEC-

TRIC POWER INDUSTRY.

In terms of carbon intensity (namely, specific
CO; emission per a unit of generated electric-
ity) all existing and advanced electric power
generating technologies can be split into three
groups:

e High-carbon technologies of coal-fired
power plants with supercritical (SC) or ul-
tra supercritical (USC) steam pressure units
possessing the highest specific CO, emis-
sion; including power plants with coal gasi-
fication (IGCC) technologies;

Low-carbon technologies of thermal power
plants, which include modern combined
cycle plants (CCGT) using gas with a less
content of carbon as compared to coal, as
well as combined heat-and-power plants
(CHP) ensuring an efficient use of fuel in
combined production of electric power and
heat. This group also includes advanced
technologies of coal- and gas-fired plants

with CO; capture (up to 85-90%) and its
subsequent compression, transportation and
ultimate storage (CCS plants);

Non-carbon technologies: nuclear power
plants (NPP), hydropower plants (HPP),
plants on renewable (wind, solar, geother-
mal) energy sources (RES plants) providing
production of electric power with a zero
CO; emission, as well as electric plants us-
ing wood or agricultural biomass which
combustion emission is not accounted
within the national cadastre of GHG emis-
sions.

These groups of generating technologies differ
fundamentally in a value of specific CO, emis-
sions, coat and performance data (Table 1). A
coal-fired USC power plant has been accepted
as a “reference” plant to compare other low-
and non-carbon technologies. A difference be-
tween specific emissions from the “reference”
and any alternative low- and non-carbon tech-
nology makes up a so-called volume of
“avoided emissions”, which is also given in
Table 1.

TABLE 1. COST AND PERFORMANCE DATA OF GENERATING TECHNOLOGIES AND CO, EMISSIONS

Overnight Efficiency | Own consump- Specific Avoidable
capital costs [%] tion [%] CO; emis- CO,; emis-
[$/kW] sions sions
[t CO,/MWh] | [t CO,/MWh]
Coal-fired USC steam plant*) 2100 47% 5.0% 0.73 -
3550 35% 18.0% 0.10 0.63
CCGT plant” 1250 55% 2.0% 037 036
2500 47% 7.0% 0.04 0.69
IGCC plant” 2300 52% 6.0% 0.41 023
3100 43% 15.0% 0.05 0.68
Nuclear 2600 34% 6% - 0.73
Wind (onshore/offshore) 1600/1850 - 1% - 0.73
“Separate” heat-and-power supply 2100 47% 5.0% 0.93 -
scheme: Coal CPP (USC) + | (16700 $/GJ) (93%)
Boiler-house plant on gas
Combined cycle CHP 1380 75% ) 7.5% 0.46 0.47

*) upper levels — without CCS, lower levels — with CCS (90% capture)

**)  for CHP- fuel utilization ratio

Screening analysis of various types of electric
power plants is usually made by criterion of
specific cost of a unit of generated electricity.
Both in the Russian practice and in the practice
of the International Energy Agency [1], an
electricity generating cost (EGC) is used as

such a criterion. Its value is determined by a
relation of overall discounted cost to a dis-
counted supply of electric power throughout
the lifetime of generating technology. In its
turn overall costs are determined as an sum of
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capital, fuel and other variable and fixed opera-
tion and maintenance expenses.

However, in evaluation of economic efficiency
of power technologies to reduce greenhouse
gas emission a somewhat different criterion is
usually used, namely a carbon avoided cost [2,
3]. Its value is determined as a difference of
EGC of the basic and alternative generating
technologies referring to a respective specific
value of “avoided emissions”.

The cost estimating of carbon avoided cost for
CHP producing electric and thermal power in
one technological cycle (named as “combined
heat-and-power supply scheme”) is somewhat
more complicated. A so-called “separate” heat-
and-power supply scheme consisting of a com-
bination of a coal condensing power plant (coal
CPP) and gas-fired boiler-house plant is con-
sidered to be a “reference” one for CHP.

For each of these two heat-and-power supply
schemes (“separate” and “combined”) overall
discounted costs are determined, provided that
both power supply concepts are equalized by
annual volume of heat delivery (heat output of
a boiler-house plant equals a heat extraction
load of CHP turbines), electric capacity (in-
stalled capacity of coal CPP and CHP are
equal) and electricity output. As a rule, CHP
annual capacity factor is lower as compared to
the base-load coal CPP. Therefore, when equal-
izing the electricity output in the “combined”
heat-and-power supply scheme with electricity
output from the coal CPP, “additional” electric-
ity is added to the lower annual CHP output,
which ensures the same electricity output for
two heat-and-energy supply schemes. It is as-
sumed that this “additional” electric energy is
also generated at coal CPP, and in estimation
of overall discounted costs for the “combined”
scheme it is accounted at a price equals coal
CPP variable costs.

An annual volume of CO, emissions from CHP
and alternative “separate” heat-and-energy
supply scheme are calculated based on the total
fuel consumption for electricity and heat pro-
duction. For a “separate” scheme annual fuel
consumption is determined through a coal CPP
and boiler-house plant heat rates. In calculation
of fuel consumption in a “combined” scheme
CHP heat rates for electricity and heat are used,

as well as fuel consumption for generating of
“additional” electricity at coal CPP required for
equalizing the outputs of two schemes.
Calculation of a carbon avoided cost for CHP
is based on a relation of differences of non-
specific, but absolute values of overall dis-
counted costs and volumes of CO, emission for
separate and combined heat-and energy supply
schemes.

Fig. 1 depicts actualized estimates of ranges of
carbon avoided costs for various types of gen-
erating technologies at a level of 2020, taking
into account an uncertainty of capital costs and
domestic fuel prices within this period. All
economic results provided in the paper are
given in constant US dollars of 2007.

Analysis of economic ranking shows that three
basic generation technologies (nuclear power
plant, as well as CCGT and gas-fired CHP)
within a wide range of uncertainty have the
least carbon avoided costs (up to 30-40 § per
ton of CO,, that is approximately consistent
with a cost of emissions in EU anticipated by
2020 [4]) and they are eventually equally effec-
tive alternatives for CO; emission reductions in
the Russian electric power industry. Another
comparatively inexpensive alternative is a de-
velopment of thermal power plants using bio-
mass. For them a wide range of carbon avoided
costs is primarily determined by a high uncer-
tainty of cost of local biomass resources.

The other low- and non-carbon technologies
appear to be less competitive with NPP, CCGT
and CHP due to significantly higher carbon
avoided costs. For wind power plants it is
caused by the low capacity factors. For thermal
power plants with CCS critical factors are a
significant growth of capital costs (by 60-80%
for coal plants and by 2 times for CCGT) and
own electricity consumption needs to recover
sorbents (by 13-15 percentage points for coal
plants with CCS and by 5 percentage points for
CCGT) [2]. Besides, the carbon avoided cost
for CCS plants shall be added with expendi-
tures for CO, transportation and final storage in
the geologic beds or worked-out oil-and-gas
minefields, which will be noticeably higher
than the European cost with regard to the
length of the territory of Russia and a distance
of potential disposal sites.
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High costs of “avoidable emissions” for power
plants on renewable energy sources and
“clean” coal plants with CCS are a serious ob-
stacle for their growth, specifically under con-
ditions of a competitive market. Even with re-
gard to an expected cheapening of these tech-
nologies as they are widely implemented, their
competitiveness can be ensured only through
special measures of economic encouragement.
The most obvious measures (actively used in

140

many member countries of the Kyoto protocol)
are evident or implicit subsidies of the owners
of “green” electric power plants at the expense
of budget or at the expense of consumers col-
lected as an additional charge in a final elec-
tricity price. However a more integrated ap-
proach by its effect is an introduction of pay-
ment for CO, emission, acting as a unique tax
penalty on usage of fossil fuel.
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Fig. 1 - Range of carbon avoided costs for low and non-carbon technologies (at 10% discount)

III. CHANGES IN THE ELECTRIC POWER
INDUSTRY STRUSTURE UNDER DIF-
FERENT SCENARIOS OF GHG EMIS-
SION LIMITATION AND PAYMENTS

A system-wide evaluation of changes in the
structure of generating capacities, production
of electric power and centralized heat, with im-
pact of CO; emissions payment, was performed
using EPOS — dynamic LP model for joint op-
timization of electric power industry and fuel
supply industries development [5]. The EPOS
model is developed by ERI and solves linear
programming task with a planning horizon of
30-40 years. This makes it possible to take into
account an «end-effect» and obtain an adequate

economic ground for strategic solutions on de-
veloping generating and network capacities
adopted for the nearest 10-20 years (Fig. 2).

Comparing with the previous versions, an ex-
tended set of electricity and centralized heat
production technologies with limits on rates
and volumes of their development is consid-
ered in EPOS-CARBON. Development of nu-
clear plants is limited by the provided of inex-
pensive uranium fuel resources and the rates of
new nuclear units’ construction and commis-
sioning. Development of wind and other RES
generation are mainly limited by the efficient
potential of renewable resources at the area of
Unified Power System. Limits on the “clean”
coal-fired CCS generation growth are defined
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by the schedule of development and industrial-
scale commercialization of carbon capture and
sequestration technologies.

EPOS-CARBON contains a more detailed de-
scription of limits for capacity utilization
modes of different generating technologies
(incl. RES plants) in balances for electricity,
heat and installed capacity supply and demand.
Besides this, additional limits for allowed CO,
emission and available resources for the elec-
tric power industry are also added into the
model. These additions are narrowing the field
for optimization of structural and technological
changes in the industry under the following di-
lemma — “emissions vs. investments”.

A list of variables and balance constraints of
EPOS ensures a system-wide review and eco-

nomic ranking of a set of investment alterna-
tives on technical upgrading of the existing
electric power plants and new (green-field or
brown-field) construction of new electric
power plants of a different type (HPP, NPP,
CPP and CHP on gas and coal, RES plants),
boiler-houses and new intersystem power
transmission lines with regard to: (1) uncer-
tainty of their coat and performance data, (2)
limited volumes of investment resources, (3)
limited volumes of GHG emission and (4) en-
suring balance conditions for demands in gen-
erating capacity, electricity, centralized heat
and fuel supply to domestic and export markets
across the main energy consuming regions of
Russia.
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Fig. 2 — Structure of the static (one year or stage) unit of the dynamic LP optimization model for the electric power and
fuel supply industries development under CO, limitation requirements (EPOS-CARBON)

The scenario corresponding to parameters of
innovation development of national economy
and energy sector provided in the Energy Strat-
egy of Russia for a period until 2030 was
adopted as a “BASE” case for a following
multi-case optimization. The implementation
of this scenario provides for serious changes in
the production structure of the electric power
industry, although they are not accompanied by
introducing a payment for CO, emissions or

other dedicated economic measures for reduc-
ing greenhouse gas emission.

The main development trend of electric power
industry in the “BASE” case for a period until
2030 will be a growth of nuclear generation
share from 16% in 2005 to 28% (Table 2).
With a common decrease of a share of thermal
generation in electricity production structure
the share of coal CPP will increase from 10%
to 16%. Dynamics of CHP capacities will be
determined by extremely moderate growth of



centralized heat demand. Even provided that
CHP ensure the main growth of heat demand,
their share in the electricity production will be
reduced from 37% to 23%.

Changes in projected electricity production
structure caused by introduction of payment for
CO, emissions were investigated within a wide
range of its values. In all cases the CO, pay-
ment are introduced after 2015, and by 2020 a
“cost” of a unit of greenhouse gas emissions
will be 10-50 $/t CO,, and in 2030 it will be
25-100 $/t CO;, (Table 2).

As shown by the optimization results, addi-
tional carbon-related payments will create seri-
ous economical incentives for structural shifts
in the electric power industry to 2030 due to
reduction of a fraction of condensing thermal
power plants. Primarily, it concerns a reduction
of a fraction of coal CPP (from 16 to 8-12%),
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the efficiency of which replacement becomes
economically obvious. At the same time, as
shown in Table 2, a fraction of gas CPP is also
reduced from 21 to 15-17%. The efficiency of
gas CPP replacing is determined by the fact
that the carbon avoided costs for competitive
gas CHP and NPP technologies are comparable
or lower (Figure 1). The introduction of pay-
ment for CO, emission provides an additional
impetus for developing combined power-and-
heat generation in Russia. A share of CHP in a
total production of electric power increases
from 23% in a “BASE” Case to 27-31%. At
this, CHP share is also growing in a centralized
heat supply structure pushing out an applica-
tion of a «separate» heat-and-power supply
scheme and reducing a share of boiler-house
plants in heat production structure.

TABLE 2 - PARAMETERS OF ELECTRIC POWER INDUSTRY DEVELOPMENT IN 2030 AT DIFFERENT

LEVELS OF PAYMENT FOR CO, EMISSIONS

2030
2005 BASE 1 2 3 4
Payment for CO,
emissions, $/t CO, - - 25 50 75 100
Electricity produc- | Totally 944 1843 1843 1843 1843 1843
tion ” [TWh] Hydro power and RES plants 175 202 226 267 269 272
Nuclear power plant 149 523 531 569 569 569

Thermal power plants, incl.:
- combined heat-and-power plant

620 1118 1086 1007 1005 1001

(CHP), incl.: 352 436 493 523 552 569

on gas (and fuel oil) 208 278 341 377 416 436

on coal (and other solids) 144 158 151 146 137 132

- condensation power plant (CPP),

incl.: 268 682 594 484 452 433

on gas (and fuel oil) 175 380 381 313 291 272

on coal (and other solids) 93 302 212 171 162 161

Heat from CHP Totally 1262 1449 1449 1449 1449 1449
and boiler-house CHP 597 739 785 814 831 839
plants [Pcal] Boiler-house plants 665 710 664 635 618 610

*) centralized electric power supply zone

A fraction of non-fossil sources (hydro, nuclear
and renewables) increases something like this
(from 39% to 41-46%), specifically when pay-
ment for emissions exceeds 50 $ /ton of CO,. A
relatively slight additional increase of nuclear
generation is caused by the fact that in the
“BASE” Case itself an intensive development
of NPP is envisaged.

Forecasted structural and technological
changes in electric power industry such as in-

crease of the share of non-fossil generation
sources and efficiency improvements in ther-
mal generation resulted to the decrease of heat
rates due to the development modern GT,
CCGT and USC coal technologies will sup-
press the growth of fossil fuel consumption for
power plants. In a “BASE” case fuel consump-
tion will increase at 50% by 2030 and will
reach 400 Mtce. At this the share of gas in the
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“fuel mix” will decrease from 69% to 61%
(Table 3).

A suppression of growth of fuel consumption
slows down greenhouse gas emission, but at
the same moment, a growing fraction of coal

will contribute to its additional increase. As a
result of multidirectional action of these factors
annual CO, emissions from electric power
plants will increase by 60% by 2030 as com-
pared to 2005.

TABLE 3 — FOSSIL FUEL CONSUMPTION AND EMISSIONS IN ELECTRIC POWER INDUSTRY IN 2030 AT
DIFFERENT LEVELS OF PAYMENT FOR CO, EMISSIONS

2030
2005 BASE 1 2 3 4

Payment for CO,
emissions, $/t CO, - - 25 50 75 100
Fuel consumption Totally 275 407 396 375 370 365
of power plants " Gas 189 249 265 260 263 263
[Mtce] Coal 70 137 109 93 84 79

Fuel oil and others 16 21 22 22 23 23
CO, emission [Mt] Totally 535 817 765 711 691 677

Gas 308 405 431 423 428 428

Coal 193 379 302 257 233 219

Fuel oil and others 34 32 33 31 30 29

*) centralized electric power supply zone

A total fuel consumption at all levels of pay-
ment for CO, emissions will be lower than in
the “BASE” Case, with a noticeable reduction
of a coal and successive increase of gas share.
As shown in Table 3, the main part of fuel con-
sumption decrease (to 10% from comparing to
the “BASE” Case) is obtained at payment rate
up to 50 $/ton and it is resulted from the addi-
tional development of non-fossil generation.
Further increase of CO, payments will not de-
crease fuel consumption so much. At all emis-
sion payment levels an absolute volume of gas
consumption in the electric power industry will
be higher than in the “BASE” Case and at a
maximum level of payment in 2030 a structure
of “fuel mix” in the electric power industry
eventually goes back to up to date.

Therefore, the introduction of additional eco-
logical constraints noticeably complicates the
task of forming the rational scenarios of elec-
tric power industry development corresponding
to requirements of the Energy strategy for di-
versification of structure of consuming primary
energy resources and reducing gas share in
electric power industry.A total reduction of
CO, emission in 2030 can amount up to 140
million tons, i.e. up to 20% from emission vol-
umes in the “BASE” Case (Table 3). A mini-
mum payment for emissions (25 $/t CO;) will
ensure 37% of this volume (more than 50 mil-

lion tons), the same amount will be provided
by its increase up to 50 $/t CO,. However a
higher payment levels gives a less and less ef-
fect.

It is important to note that an emission reduc-
tion is relative, as shown at Fig. 3, an annual
emission reduces as compared to the “BASE”
Case, but its absolute volumes increase until
2030 at any payment level (only in “30-100”
Case at a maximum payment of 100 $ /t CO2
their stabilization is almost reached).

850
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750 4+ _—:;2 / i
700 % .
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500 T T T T
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Fig. 3 — Growth of CO, emissions in electric power in-
dustry at different levels of CO, payments, Mt CO..
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A sequential decrease of coal share in a “fuel
mix” of electric power industry will cause a
noticeable reduction of its contribution into
CO, emission from the electric power plants
(Table 3). If in the “BASE” Case the coal burn-
ing gives more than 45% of emissions in the
industry in 2030, in alternative options this
fraction decreases up to 32-39%. In this case,
the main emission volume as at the present
time will be determined by gas burning.

At relatively low differences in gas consump-
tion across the cases a volume of CO, emission
caused by gas burning at the electric power
plants in 2030 will also be changed within a
rather narrow range (420-430 Mt). However, in
percentage ratio, if in the “BASE” Case in
2030 gas gives nearly a half of CO2 emissions
in the electric power industry, then when going
back to a report structure of fuel consumption
in the Cases with payment for CO2 emissions
gas contribution to emission will also go back
to a report level and will amount to 56-63 %.

IV. ECONOMIC CONSEQUENCES OF GHG
EMISSION REDUCTION SCENARIOS
IMPLEMENTATION IN ELECTRIC
POWER INDUSTRY.

The shifts identified in the production structure
and fuel balance of the electric power industry
exercise a significant influence on the parame-
ters of the investment and price policy. An in-
tegrated financial and economic evaluation of

case of electric power industry development in
the range of CO, emission payments is made
using ELFIN model which determines dynam-
ics of cash flows from the operational, invest-
ment and financial activities, forecasts an in-
dustry financial plan, selects a rational structure
of investment financing, and predicts necessary
levels of electricity (and heat) prices providing
the feasibility of proposed investment and pro-
duction program.

Changes in the structure of generating capaci-
ties caused by payment for CO, emissions will
result to additional investments to more expen-
sive projects of non-fuel plants and CHP hav-
ing lower or zero CO, emissions. If in the
“BASE” Case total investments to electric
power plants within a period until 2030 are es-
timated at $ 363 billion, at a minimum level of
emission payment (25 $/t) the incremental in-
vestments will be about $ 9 billion, and at a
maximum level (100 $/t) it will be § 86 billion
(Table 4).

As the payment for CO, increases, additional
emission reduction will require even higher
investment costs, which are illustrated by a
curve of “capital intensity” of an additional unit
of emission reduction (Fig. 4). A more simple
approximation by a linear trend (with a quite
good coincidence R*~0.96) shows that “at the
average” to reduce CO, emissions relative to
the “BASE” Case by 10 million tons will re-
quire more than $ 7 billion.

TABLE 4 — CAPITAL COSTS AND REVENUE REQUIREMENT STRUCTURE OF ELECTRIC POWER INDUS-
TRY IN 2030 AT VARIOUS LEVELS OF PAYMENT FOR CO, EMISSIONS

Cases
BASE 1 2 3 4
Capital costs, § bln Accumulated 2010-2030 3626 | 3718 | 4167 | 4304 | 4487
Additional to the “BASE” Case - 9.2 54.1 67.8 86.1
Revenue requirement in Total revenue requirement 152.9 175.9 201.9 221.4 241.9
2030, $ bln Fuel costs 62.0 64.0 61.9 61.9 61.5
Payment for CO, emissions 0.0 19.1 35.5 51.8 67.7
Other costs 50.0 49.1 49.6 50.3 51.4
Investment, taxes and profit 41.0 43.7 54.8 573 61.3

The impact of payment for CO, emissions seri-
ously changes the structure of revenue re-
quirements of the thermal power plants and the
entire industry. As shown in Table 4, by 2030
annual payments of electric power plants for

CO; emission will appear to be comparable to
the cumulative additional investments for
emission reduction.

The volumes of payment for CO, emissions by
2030 also appear to be comparable with total
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fuel costs. Affecting as an additional tax for
fossil-fuel power plants, it may additionally
increase fuel costs up to 1.5-2 times.

00

y=0.004x - 0.104x - 6.635
R? =0.991
80 /

b
.
60
y=-0.729x - 24.875
2 R’ =0.963
/ =0.
40 —
) Rﬁﬂ
0 mi . al , ’ ’ . ’
=20 =40 =60 -80 =100 =120 =140 -1p0
CO; emission rediction from the "BASE" Case [Mt €O, r

Additional invesiment until 2030 [§ bln]

=20

Fig. 4 — Additional investment requirements for reducing
CO, emissions in electric power industry (relative to the
“BASE” Case)

Integrated sensitivity analysis of electricity
prices to the level of CO, payments shows that
on average the emission reduction by 10 mil-
lion tons of CO, will result in a rise in electric-
ity price by 0.4-0.5 cent/kWh (Fig. 5).
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Fig. 5 — Sensitivity of electricity prices to reduction of
CO, emissions in electric power industry (relative to the
“BASE” Case)

Therefore, the study showed a high sensitivity
of production, investment and price parameters
of electric power industry to measures of eco-
nomic stimulation of CO, emission limitation
through introducing a payment for emissions.
Possible shifts in the production structure, fuel
consumption mix, investment and price im-
pacts of the industry, certainly, have an inter-
sector and macroeconomic scale and require an
integrated evaluation of consequences for the
national economy as a whole.

V. CONCLUSION.

The performed analysis of capabilities and con-
sequences of GHG emissions limitation meas-
ures in the electric power industry provides de-
finite grounds to generate a reasonable ecologi-
cal policy in the industry preserving from the
serious macroeconomic damages. The basic
strategic trends in the industry are an increase
of a fraction of nuclear power industry with a
concurrent increase of efficiency of thermal
power plants. In spite of the doubling of elec-
tricity production volumes, this will ensure to
increase the fuel consumption only by 50% and
limit a growth of annual CO, emission.

The introduction of payment for CO, emis-
sions, as shown by model optimization results,
can really become a serious economic incentive
for deeper structural changes to the advantage
of low- and non-carbon technologies, devel-
opment of non-fuel sources and most efficient
CHP fossil fuel technologies. The structural
and technological shifts will ensure a reduction
of an overall fuel consumption, but will con-
tribute to preservation of a high fraction of gas
in the “fuel mix’ of the industry and increase of
absolute volumes of its consumption. This will
make it possible to significantly (up to 140 mil-
lion tons or up to 20%) reduce emissions
against the “BASE” Case, although in absolute
terms they will keep growing or in the best case
they will be stabilized.

The financial-economic evaluation of electric
power industry development under different
levels of CO, payments showed a need for a
significant correction of investment and price
policy parameters. Thus, a “capital intensity”
of an additional unit of emission reduction «on
average» will be more than $ 7 bln per 10 mil-
lion tons of CO,. Additional ecological pay-
ments of thermal power plants will greatly in-
crease a cost of electricity produced at thermal
power plants, reaching 50-100% of fuel costs
and seriously deteriorating competitiveness of
thermal (esp. coal) generation. A growth of in-
vestment and operational expenses will be in-
evitably reflected both on the electricity and
heat prices’ growth. The obtained assessments
demonstrate that a reduction of CO, emission
in the electric power industry per each 10 mil-
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lion tons will lead to a growth of price of elec-
tric energy on average by 0.4-0.5 cent/kWh.
These results allows to make a more general
macroeconomic analysis and justification of an
acceptable level of GHG emission obligations
of Russia, based on the calculations of changes
in growth rates and structural changes in the
national energy sector and slowdown the Rus-
sian economy growth.
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